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Exposure to lead and cadmium of children living in different areas
of North-West Germany:
results of biological monitoring studies 1982-1986*
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urine (PbU) are between 6 and 10ng/g ereatinine,
with 95th percentiles between 20 and 30ug/g
ereatinine. Children from nnlluted ar«u have highnr
PbU levels than children nrora less polluted areas.
The median levels of cadmium ia uriae (CdU) are in
the order of 0.3 ug/f creatinine, with 95th percentiles
being m the range of 1 s aad 1-Ong/g crMtininc.
Girls have higher CdU levels than boys. There an no
differences ietween group* of children from dUbrent
areas. Children from lead worker families have
higher PbU and CdU levels than otherwise compara-
ble children. The results of the present studies indi-
cate a further derrrxt* of PbB in children from
North-West Germany since the CEC blood lead cam-
paigns carried out m 1979 und 1961. The dccrcaie of
lead exposure also seems to be reflected by a de-
crease of tooth Ifturi lev«k.
Key words: Lead exposure - Cadmium exposure -
Children - Nonb-West Germany

Summary. Benveen 19S2 and 1986 several surveys
««rc cAiiicU uui to determine the level* of lead tad
csdmiurr in blood, urine, and shed deciduous teeth
(indsoi* only) of children living m rural. Suburban.
urban, and industrial »rtaj of North-Weir Germany.
Dhxid lc«o (FOB) and blood cadmium (CdB) were
measured in about 4000 children. In rural, suburban
»nd luiiiuj areas the neaan VbB levels vary between
5.5 and 7ii|/dl. with 99th penxntiles viryinf be-
tween 10 and lluj/dl. me median CdB levels are
between 0.1 and 0.2ug/dl. with 95th peroeaiiles be-
tween 0.3 and 0.4ug/i. Children from urhu* areas
Dave significantly highei PbB levtb than children
from rural and suourtan areas. Regarding CdB no
differences could be detected. Children living in
•reu around lead and zinc smelters, particularly
ibote living very close 10 the smelters, have aubsua-
*i«Uy increased *t>0 and CdB levels. Children from
fead worker faanilies also have substantially increased
's>B ma CdB levels. Hie lead leteb in shed milk
toth (PbT) were determined in about 3000 emldm.
I" rurii. luburbw and urban areas the median PbT
'tv* are between 2 and 3 ji|/f. wfta 95* pereeodte

4 and 7pg/f. Cbfldrea from urban areas
significar.tly hifber PbT levels than cafldrea
rural and suburban areas. The niftiest PbT
(on a group basis) are In children from noa-

smelter areas. The median levels of lead in
ppOrtC
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Then i» general agimucm that cntMrea are a popu-
lation at increased risk with respect to lead exposure
and advene health effcux resulting from increased
lead exposure. The reasons for this may be sum-
mariM<i «s follows;
• children have behavioural characteristics (outdoor

activity, kat coocciu fur hygienic conditions, oral
activities), which increase the risk of undue lead
•xpcnurc;
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children eat and drink .-rcre per unit of bodv
weight 'hnn adults, arc so the relative lead .iKdke
is greater ±an in adults;
le»H Absorption in th= gastrointestinal tract Is
hither in children than m adults:
among ch-Idrer. there is a areatei picvalence Of
nutritional deficiencies (i.g. iron, vitamin D),
which mmy enhance the abjorptiuu <ji lead from
(he gastrointestinal tract;
hftematological and neurologic*! effects of lead
occur w lower thresholds in children than in

Since 1982 we have performed several blood lead
survey* unonj children living in different runt,
urban and industrial areas of North-Wen Germany.
In total, blood lead level* uf mure than 4000 children
were determined. We alto analysed the lead levels in
th«d milk teeth aad urine uuupies. Whereas lead m
blood and urine are indicators of relatively recent e*-
poiure. the analyst! of m»nei*lkinj tissues, ipectti-
cally deciduous teeth, provide* an assessinem of
internal exposure inteauawU over a longer period
of time. Additionally, we determined the cadmium
levels in blood and IUUM. The objective of these sur-
veys wax to obtain data on the surrent background
levels of the abov« mentioned biolopcat exposure
indices in child populations of North- West Oernany
and to determine UM influence of some constitutional
and environmental factors on these indicators of ex-
posure. Moieuver, the surveys were aimed to assess
to what extent crirical blood lead levels occur in child
populations of iliese areas.

Subfects and methmto

Study trtut fad tttnr enrirvniHuaui pvUiaUH
by itfd aid cadmium
TTw Nuveys were earned out m eleven cMes of North-RUnc
Wcstfilia artf b NordeeJUNn. a staport city locaud ia north-

BockM. DQiBen, and Ooct an toall chief without ircus-
trial SMieei of leas sad other metals ktettwl ia rani MMC
joith aad aena-wMt of the R«hr aret. The einUrM b>iB| ia
cheie anas «a/ be considered as rcfenact poetlanoes with
proiimi ibfr te« hmU eapoaun.

Beanp (about 1WUUU inbabitam). Cam (about 640000
mhabiiams). CelMnkinfcm (I*** JOOOUO inheftiuuia).
Keme (about UOOOO oftabitaatsi. «d UOM (stew 13000
inhaMtam) an industrial eMei located ia the Ruhr ana. in
«oieh motet trtOfc edUutt npmeen tbt aajer loune of
taae. Them are * amber ot neallur^cat ptena la duw anas.
but *• l*td *ad Mdnium «notk«» tram ttMM pUna u« in-

ther: also exitt it large lead zinc smette: a- w«il i, j .
->i othei ::ieuiUr$ca. plants procaumg lead a.-a t»her ^"
ferrous metals. Additionally, a large copper vnelrer vit „.
opcrat.cn rn -hii art* until 1983 The l-nc craiMiun from nOw.
ma: jCLt-ces was estimated :o be about 300 cons/year n L^
1970s MACS 1977). A: present. :hcy are e«in»ua -0 v
soe.it 20 tuns/year (MACS WM). The emission of cacmium
ind its compound waa in the order of 6 tons/year md *
currently ostimcted iw l» about 2.7 tons/year ;MACS 19771
1985). Ia the Dortmund area, the lead emission from i-.dustrai
sources (mai*ly from imn »nrt (ct*i production) w»» ev.nattd
to at IX am/year ia the i970j (MACS 1978) Due to poll*
tkm ctKitrol and a lubitaaiial reduction of iron and n*-i p^.
auction, tte camraa ot lead decreased to, at present, about U
tons/year (MURL 19S6). The emission of adnium from
inrlmiriai (ouree* ia uuigm'ffcaat (< 1 lun'ynr] la ftoth aid,
the leac ceussion from motor traffic exhaust is esnnated » be
50 » (G tons/year.

The Stolbergana (about 57COO inhabiuao) is known to be
highly polluted by lead, cadmium and other noa4erroui mctak
due to the inamtat ot several primary lead and anc smelten
in operation sine* die lOrh eentniy. A number of thes* pUms
have beet closed rtnwn in ree«it ywi. At pnacnt. • Urge pn-
mary lead mutter repnseau the raa)or source of lead and cad-
mium emhtions. The lead emission from this sme!'*r »«
about 39 tons/year ;n ibe l9TOt aad has heen redaccd to, at
present, about II tons/year. The UKSBJNUB emission is in UK
e«der of O.i tooVyur (MAOS tfT5.1981). S«ee l«7Zwversl
studies have own carried out to screen the population, maiair
children, for undue icad anrt -a.tmium •npecure (EiAfcre* c;
al. 1974: Koanania et el. 1975a.b: E*ers et «!. 19S2.19(4.
1915).

Niwitaaham it a mednm-tinU ^eaoori la Normem Cer«
many with about 33000 inhabitants. Pofluooa proWenw arlst
from a lead ritig saieaer batted near Hw city. HM wrrouaemf
xreae an largely rural. Lead iuiwneatiOB of cattle aas a ton|
history M on ana. The most raccat incident cceurwi •« i«n.
Since than the Faderal Health Afency !ia* bean active a
tcnenlng the pepuladoa of ar.y a'gns of undue lead exposure
md poeawc health CMiMHuencss CTbraa et at. 1994: Wuneke
etal. 1985).

The decree of ewvimummal pelhicSoii by taed *nd cm4-
niurabu been recorded in iome of the above ewnaoned areas
for setcnl years by means of a moanaring network maimaioed
'^th« tote Aasacy for Intntiiston Control (Lancetinralt Mr
ImaiisiiOfNacsusB NW, US). The monitoruig acnvitfts iadsde
coatamiaaca ia air, dust fan-on, top sod aad plaats. Whanaa
the ctMtaakteam tavek to duet fan-oat •«« *«l an saeeeared by
aMnmsof a Ixlbn moaitormg network, air and ptattcen*
taaafauaisan «MSSuaaJ by Means cf a4x4kn momtonnf
eecwork. Tin reMtto have been pubttoad by the State Ag**cy
lurlBwae1oa<^nM(s«*-^esrtl»ar«h*darUKlasaQatslt
ttr IniiasiJBSSfhtirr N»T). The eaeesss ead ^agea of leed *v*
cadmium taO^K (PbO aad Cap, nepecrMly) are i
ized to Tcbat 1. It sbojald be oeaad ttat. • the polluctd areta
(Dubbare. Mordeeliasi. SieHanJ. nere an large variaricas
of ik* co«s«aUH« lewis, paroadaily with naartf to wad end
cmdamim te «wi fcOo- ead w«l. tspaakHy amiae me smel-

DnWxirg (about 550000 inhabitant*) M»| Oaranund <abew
400000 inhabitana) represent two of the meet Important
ceasers of iron aii«l steel production in turop*. In Dtusburg.

twi Bi|b lavd* of hud aad eadstin to dust fallout ran|in( ap
to <000m Fb/erVd aad 30li| Ql/̂ 'd have beeo fMflrdwL
The annual means of lead aae* cadmium ia air vary between 02
and OJiif Pb/ar* «nd 1 and Sag CoVor1 reepecdvely. aad do
not difici wy mvcft Batoim dM study areas. Close to the
smelters, however. liphVamty i»atased levels have been
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f>.il..iii- (PhD »f.d CdD. respectively) m -.he sn;dy areas'

iTeaTvrtrt r;d)
Whole uty Chilean's residence
atta'.j it ea»

DUUDUTS r.«i)
julnen'Borkcn (1984)
Dortmund (1V83)
Bottrop (W8s)
Eiseat.W)
OtuenJdnien (1985)
Hcnc'1983)
$ton»crttl982)

(1»«J)

Mean

3CI
76'

112
121
149
140
102
430
4«0

Mean
367*
-
112
1J3
181
1W
IN

R»nse
100-MM?

60. 280
110-220
130- 410
80-3:0
TO- 1*0

max. 2134'

CdD(j.t/ m'/d)
Whole city CtiilUici
trejs area
Mean
i.O
•..2"
1.8
1.9
2.2
2.2
1.9
3.2
3.3

Mean

7.0

1.8
2.2
J.6
2.8
2.0

.'» reiidcnn.

R«u»c

V6-29.7

1.1- 3.4
1.6- 2.7
1.8- 3.6
1.7- 5.6
1.2- 3.1

max. 25.0*

• Sourc*: MAGS (1VW). RalermKher « al. C.9K), M'JIU. (IMS)
* Mean calculated after cxctudi&g rwu iunj are»» wiU. FbD > SQOOmVm-'J. Ineiudia*. thcv mm unit anu (be meaa P^D i*

• Mean u( 4 duM MUmtort enly
' Mtaa of three 1 knr auas exhibiting the nichest PbO and CdD >«•.«'«

uid coJtaiOH ofhioiottctl

Blood tanples were obtained from children aged J to U yean.
la Stcdberg tome buy» and pru aged up to 1? yew* •«« «l«o
examined. In all cat** blood sampUflf wax rwrformed en a vot-
uuuuy baito.

la Borken. Bottrop. Lruimen. Domnuad. £*t«n. Ccbrn-
iirchtn. Hcrnc. and Uiaen. blood sampilni was performed (a
*elected Khool district* oo the occasion of the children'! m*>
Kfaool medical anmiMMii. The eoUerton ol in* Mood wm-
plet was earned out oy p>iy»wuui» *f the mimieieet puM*
health dcaaamcnts between March and Jure of IMS and MM.

la Duitburc *M Oocb •>• >iwi 1-vrar-oid German ctriMrN
*«t raodomly (elected (ram the municipal .tytMni at mi-
dcnta. The parena o: die children seteacd were eomteMd by
lean in anJ«* to requen the Mrucipeacm 01 OK»r cttka. T1i«
panidpaaoB r*w» were about 30% in both area*. It Ouiteuri
*• MtoceU uiUy diilditit ttvin( U tlM aoutfen* y*«a of th*
or/, where dw btfhau levela of lead and catafaak ta tf*at faU-
<Mii wn. nmrrtarf. Riood iimpiini we* Btrtormed in Jw«««id
July 1983.

U the Suiban ana Ane eavpiap* w«ca canMovt, d»
Cm m June tad July !««. tM MeaaM in JIM 1M9, tod *•
third in Aprfl aod May 19«. Tte flt« eonpalp i«*«M 4.

ii faun the
rtawer of inhab«iM» (paniaiawtaa IMK S0%) • wvtt « •
|rouBot43b<mandajflHh«>jeto>iiothalii<iBillirOaM

'..ThelaoattrowpmaWy
Turldsh ramtlie*. In part. *•» mtl
><ao smelter. The seeond aui vey wet «ho
in» dot* to the lead smelter, to the third rouad. V»
Moreover, we eould collect ,__ _
bow and airla who h»d delivered milk teeth w tat during a pn>
vioui study (Ewer* et al 1M3).

Shed miik icsth wen colUaed from etmoVm Uvtasmac
vat* of 0«ikea. Oonnf. Dwtmund. OatnM.«%««. rWb*»
Urehn. and Hun* m 1983 tno 1986- The jh-lditn were
lanrty identical to tnoae who provided » wttfc blaoj X.imlai
(sea ahovt). Addltionalty. we collated shed frifk m» turn

children uving >r. Nordenkam (19C) andStolben (\986V Only
loctoon were accepted tor anai>ili.

Urine umpies were col:eeud frcm children iiviitf in '.he
irci* af Stolb«rg. Ouiibuni, Curh xnd Dortmund. Urine
•ampUni took place m June 19C (Suibnt}. May/ June 1983
(DuUbtuc. Cocii). and May/June 1989 (Dortmund).

Atari tnelytts
Venom blood samples were collected wita iyria««» and
Medin which previoualy had bam examined to be free ol
contamination by «ad and cadmium. Tte iytto|et coraiaed
EOTA-K at u anucoafulant. The Wood waa decp-froan
wfthJn the syrinpi and atetca at -20*C uattl w»lyii». The
urine umplei wen collected in lead* and cadmium-free plank
v|»». uidlflcd wiih HNO>. «>d Vwp« « i*C nnril anilylU.

The PbB and CdB levels were weawred by fnptnie fur-
nace atomk aburption ipecoomeny (GF-AAS) u deacribed
previously (Bnekhaua « al. 19O) «ate| a Perton Elmer Model
5000 nucruniftAt t̂ uippAd vitk & dntcriun bKkirouod CORK
peauior. a Jerkin Elmer MOA NO uowwr tad a P*Ua

r tot njcetioa «f KM

developed by Stocpfter et ai. (»T«. lack Hood uapte wm
analyMd hi duplkate. The tatb of eadmivm and had io urine
were alw dctenmned by OT-AAS aa aneiiaed pmfcnul;
(Iwenetal.19t4.19IS).

Th» tawi utaenitnboa ia tMdt «ee m«MnrMl hy Vvov
platform OT-AAS afar dmolvuc ike pn-wnbwt and pre-
«n<Mri teeth la 3ml of cooewnatd HNO|. Calibration
tahniont wire prepared by tbe addition of known amotum 01
lead to dinoh«d teeth wtm low lead content, lach dtmotved
tooth wat ncaauMO in duplicate.

All aiulym were carried out aodw coadiiioni
For internal quatttv con-

trol commercMy available control materiaJa (control blood
and urtM for awmla fro* Bekrma., Marbun. PRO) were need.
The accuracy of the matte* waa mnflraiad oa tevtral ooa-
done by partica)ajttoii ia fmerlabofatory coenpanaon pfo-
grammei pwiuiuxd on *e aatteMl «ad huenwHonjil level.
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T*Mc 2. Bieod Itad levels (njftU) of children living in different ireaj at North-West Ccrminy'

Arm
(year of survey)
SunrbanJruni trtas
Cod) (19831
BorkcnU983)

(1986)
Uiilraen (Vi&)

(1986)
Lrbtn/ruliutrial area*
Dortmund (1985)
LOnen(19W)
BMtnjF(19*S)
Encn(1986)
G«lieakiicaea(1986)
Herae(19M)
HUttfou
Duiiburs (19S3)
Stolbuc iu«2>

(1982)
U«B3)
(WB6)
(19»)

Age
(ytan)

'-11
6- 7
6- 7
6- /
6-7

A- '
6-7
6-7
6-7
6-7
6-7

7-ll
4- S
3-17
4-13
7-9

1S-1S

/i

504
22?
22S
186
138

SV
180
3«1
326
201
300

437
213
43"
33*

109
41

OM

6.3
6.1
5.5
b.l
6.0

7.(1
6.6
6.6
6.3
66
6.2

8.4
10.7
21.2
13.8
7.4
5.6

O3D

1.3
1J
1J
U
1.3

1.3
U
IJ
1.3
U
U

1.4
1.4
1.4
1.4
U
1.3

F50

6.8
6.0
5.S
6.'J
6.1

6.9
6.5
6.6
6.3
6.7
6.2

8.3
10.4
20.5
14.0
7.1
1.4

f90

9.7
8.8
8.1
8.7
9.1

$.9
9.7
94
1.7
9.3
1.9

13.2
•i«.«
3*.l
Sl.S
10.8
9.7

?9J

10. 8
9.'
8.9

1U.6
9.7

11.0
10.4
10.4
10.4
10.6
9.8

13.7
19.T
36.2
a.4
13.0
10.4

P98

11.7
12.3
9.4

13.2
10.9

12.9
11.6
11.1
12.1
12.6
11.8

17.9
21.2
—
_
13.7
-

aangc

3.2-17.2
:.7-i3.8
2.5-iT.j
3.C-19.S
1.3-12.9

3.1-i7.g
3.1-U.9
3.0-13.5
2.3-21.2
3.0-R2
2.9-13.3

3.4-20.8
4.7-30.8

10.3-4*.?
6.6-23.3
4.2-18.0
2.4-11.3

• Abbreviation*: GM • |aoneinc mean: GSD » gtometnc lundart denation; P30 - JOtfi ptrcenule: PVO • Wkh perutmile:
Vti • Wrt pcreennle: PiW - VStt paieutila
' Chfldrtn living las* than 2 km froai tho bad uneker

•.«. computes* prefrMunM nrpnU«d within th« (nmtwork
of dw WHO-Euro research projects on 'Biological ledkatei*
t» Lead Neuremdeiiy ia Chadrtn1 aad -Health ECcett of Ex-
poaura to Cadmium ia iba General Population* as wefl as coo
patina prognmmct orgamtad by the njPAC Subcomaiitt*

Stattnital analyst}
Itw trt^iMOC)' dtsaflniuoo o( dM fci^>|t>*' MpMun imliea
an pnaaocad ie the tern of ptreratta (PSO. P90. P93. P9I).
!• MVtffttl tlW fkVMtHlVy d!MribMieM§ Of ttW blOlOA

tog foB at tDa
variaMa. Dw SUM pnoaoin wa» applitd na toon iMd (log

) MMl MMvf MiVninm (fc.ig CAB)

A/M« a/uf dutribuooii ofPbB Ineb
Th« results presented ia Table 2 show that, on aver-
age, Wood lead onKecirauons of children living in
rural and urban areas without industrial sources of

lead are in the raogc of 3.3 to 7.0 tig/dL The 98th pet»
cendles ranfe from about 9 to 12uf/dl. Individual
PbB value* racaouf to about 21fi|/dl. ChUdren from
urban areas have higher PbB levels than children
from auburbM tad rural area. After •djaaiini for
some social variables and population characterittus
(age, tut, tocfo^cononic atanu, nationality, con*
sumption of home-grown vegetables) the differences
an •if?****™ at the f< 0.001 level. The hiabcn
mean PbB levels weit found is children living in
areas poOused by iaduauial KNM! wmaMuiic. p*ltieu*
larty hi thota living a itae vtdnny of the Stolberg tead
ancber. Anaoutb it'» uiiiuat tu uuui|nu« ilte PbO
levtJi of childrea of different age groups, the data
soggest thai time baa bwu •tjimauual twluoiua of
cnildren'i PbB Ifwtk m diis ana from 1982 to 1986.

Meow and tatrlbuton of CdB Uvtb
Sine* tht CdB hweta were below the detection Brait
In a number of sample* me geomeotc neans coukl
not be ealembned. The 50th, 90m. and 99th percen-
tJles an mown m Table 3. Tin median *Uuei are be-
tween 0.1 and 0.2n|A and the 95di percentUec are
muaOy below 0.4ug/l. There are ao synemadc dittet-
meet between rural, urban, and non-fanovs smelter



,
V1986)

7-il
b ?
6- 7
(v. f

6-

SOJ
77?
£S
1S6
1t8

0.20
0.17
0.14
0.19
0.14

0.33
0.2S
0.23
0.29
0.22

0.41
0.27
0.23
0.39
026

«. 0.1-1.:
<C.1-0.8
<C.l 0.6
<0.1-7.0
f<\ 1.0.3

For ibtrevutuons s»o Table J
OulJrtn liv.ng leu thta 2km from tht lead smelter

in whoie

j«*
.•ruoijuney)

miik teeth (incisor* only) of cni'.Crtn living in different irwi of North-W«t (jemmy*. U

OM GSD P50 MO P95 Ruge

unurDanlrurai anas
lorlun{l985)

(H86)

'Jrhemuuluttnal treat

-Qntn (198i)
Bottrop UW6)

Kiikartas

For »bbtevi«ioiii lee Ttbte 2

artas Du« to th. in=re»»« nf CdB with a«e the ehil-dreniromDuisburgandOoch(aged7-llye«i)hw
.lightly high*r CdB-UveU rh»n J*« childm (TOO tW
other are.T(aged4-7 yem). Onto- *™*?**.
eloM vicinity of th. Stolberg lead ttielur w«tMtoMd
to have subsuntiaUy increised CdB conewUrttOM.

\ltans and distribution of tooth lad Itvels (PbT)

The re»ults prewnted in Table 4 thow chat children
from rural and suburban *.*CM hwe mean PbT I*v*te
of about 2uf/t> whereas childrea from urban/indus-
trial anas have htftter PtoT tevdi with group AMM
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_yeir or lurveyj

Stoiberg(1982)

DiLiburjUSSS'.
Coch (1983)
Doraund (1985)

i Parameter

lOa1 FbU"caw
329 CiU*
«96 CiU"

78 FW*
/* CcU*

CM

(U4
C.15
0.15
6.7^t

•P rtirf-rwii m

GSD

2 3
2.3
2.1
:.i
2.0

•ra» of Ncnh.\V«s< G«rmany Uni'v ugig iT-simim-

P50

10 i
01
0.1
0.1
6.6

P9C

26.2
0.4
0.4
03

17.3
0.4

P95

30. L
0.3
05
0.7

22.0

<3
< D
<3

1
O.

IB*

:î !
.1-16
.i- 4
.6-4.
.1- J

U

.9

.4

.0

' Bowoalv
* Detemriiucin.i in spot urine samples
' Determination in 2*-h uriae sample*
' Since ic a sumoer ct staples Cav was Dtlow toe deucaor. umt, jie geometric mean could not be calculated

Totie *. ?t)B tad PbT le«eb in nltiioa to sex of cfaOdrta from difftreii: anas of Nortli-Weu Gemury
Area
(yearofsuroy)

Nordenhiin{lS82i
Goch(1983)
Ddsburyt 19831
Oonmuec(19SS)
LUaen (1985)
Barken (1985)

(19W)
Dolmen 1 1945)

<i»86)
Beano (1986)
Essen (1986)
G«Ueakircfaen(19M)
H«nic(19M)
Stolberi (19861

PbB (uaVdl) PbT (ulys)
Boys
n
_
228
230
286
84

11*
117
83
71

2C
170
1C3
158
62

OM
_
6.9
8.7
7.1
6.7
6.5
58
6J
6.3
6.7
6.4
6.8
6.3
7.5

OSD
—
1.3
1.4
1.3
1.4
1.4
1.3
1.
1.4
1.3
1.3
1.3
1.3
1.3

Gills
R

—

276
207
237
96

113
108
109
63

159
156
98

141
47

OM
—
6.6
8.0
6.9
6.4
5.8
5.2
58
5.8
6.4
6.1
6.4
6.1
:-2

O4D
—
1.3
1.4
1.3
1.3
1.3
1.4
1.3
U
U
1.4
1.3
1.3
1-4

Hoys
n

40
—
_
616
99
52
66
37
71
74
73
59

226
26

OM

4.2
—
_
2.8
24
2.0
1.7
2.4
1.9
2.4
2.5
2.3
2.2
2.6

GiU
1.6
—
_
1.6
1.6
1.5
1J
1.:i.j
1.5
1.6
1.5
ij
U

Girts
n

37
_
_
644
128
52
74
56
77
73
84
53

265
1J

OM

4.9
—
_
2-8
2.7
2.1
1.9
2.3
2.1
15
2.9
2.3
2.4
3.4

oil)

1.8
_
_
16
1.6
1.6
t.6
1.6
U
1.6
1.6
1.7
1.5
1.6

varying between 2.3 and 2-Sng/g. The differences of
the group means are signiflcint at the F < 0.001 level
after adjusting PbT for the above named social vari-
able* and population characteristics. The highest
mean PbT values ware found fa) children tiviag in
polluted areas such as Nordenham and Stottwrg
Consvdcfing the fre^ueacy oisuibutioa of the PbT
levels, it can be concluded that in urban anas about
95% of all values are below 6 to7|ig/g. In rural areas
tne 95th percenolet are m the range ot 4ug/g. lno>
vidual PbT levtte may range up. however, to substan-
tially higher value*.

MUMS and distribution of PbU And CdU Itvtls
As shown in Table 3 the means and Wth percentiJes
of PbU are in the range of 5 to LOug/gcreatiniaeand
2U to 30 ng/g crealinine, respectively. Children living
in the Scolberg area have higher PbU levels than coil-
dren tram Dortmund. Ihs CdU levels are, on aver-

age, below 0.2ng/g creatiaine, with 95th pereenules
of about i.Ong/g creatinine. There are no sjitematic
differences between rural, urban, and polluted areas.

Levels of Hod and cadmium in blood, taint, and teeth
in rtbnon to tex
OB average boys have significantly higher PbB levels
±m gMe as ihowa la Table 6. Oa the other hand them
is A tendency towards increased PbT levels in girls.
The CdB level* do aot differ between boys and girl*
(not shown). Regarding cadmium in uriae. girb have

higher level* uum boy» (M« Table 7)

Facton afftaing PbB Itvilt of children
living in risk anas
The factors influencing the PbB levels of children liv-
ing in risk areas were studied in two groups of chit-
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'Table t. CdU and PbU level* m relation to sex ot children from aunreot :r«i» jf NUI ili-^'eu Germany
A?C» Parameter Unit

->u",hurg CdU *lfl
licvg creatiaine
}*g&4h*

3uch CdU ifctvl
p0'|crca«Ka*
WI/Mb"

Out uuund PbU pgyi
tig^g crearininc

' Sinmneantiv amerent from the CM retina Us boya

Boyi
A

276
276
I'M
222
332
165
34
34

(SuiUcmV

CM
U.li
0.12
o.oa
0.14
0.12
0.08
S7.
6.5

i*tct* ippiYinc

CSD
15
1.7
l.B

1.9
1 ft
l.S
1.6
1.8

louraic veriuee

Girls
n
233
253
IS*
274
274
191
44
44

eaamasec

CM
0.22'
0.201

0.1T
0.201

0.18«
0.12*
3.4
6.8

r -so.ooi)

GSD
2.*
2.4
2 1
2.4
2.3
2.3
1.8
2.1

5 Urine samples < 250 rr.! uul/or contiining leu dm 0.91 cnuiaine were considered u incomplete 24-h urine and were therefore
excluded

faMe 8. ECOwi u( >uiuu» touil. demcpnphie tnd mi »1f aniMnial vtitabUi on th« vu»arr r-f lug Phil in i. and S-year-oid children
(» • :«) from Stolberg
Variable

Sex

0.4

Interaction terms;
Lead 111'.-out

• Sex
• Plating outdoors
• Hatd-to-meuih activity 1.3

• Cotaumpnon ef homejruwn vegetables C.2
Soil'cad

• Consumption of hometown vegetables 0.1

EQeui uu PUB

p.oyed in the lead smeller*
nottuc status (SESj*
famil^
3lite

p«iilf

0.3
U7
1.5
7.9
4.4
1.3

a.t.«
U.UW1
0.07
O.OUU1
3.001
0.07

PbB in boy* > PbB in prb
I'OB 1 in rtiiiaren trora lead worker imiuHia
PbB t in children with tatfters fat manual occupations
r-bb T m children From toreJtn tuzOtn
PbB * '" ehildren livinj ia areas wnb biffa lead f»ll-out
PbH i m ciuurcn tmnf ia area* wnn ntfh Kit lua

11.k.
B.S.

0.092
0.022
n.s.

a.s.
Total

'Not significant
9 ebfldien ten lead wooer _

' Oeftntd by father's employment, -Law" SES: fatbM la manual ooeupinons; "high" SES: fathers ia noa-manuaJ oceupanons
* V)etuldr*n, mainly enetTWWifem.!!**
* ReUtifl| to che unit area wtaintiwchilcrsreekaaaMatoetb located

Relating to the sumundtag ef the dnids tfwttief. pUee. PbS «ai applied a otdinel variable with *evm categories from
*200ppmto > lOOOOepa

drea: 4- aod 5-yenr-old children from (he Stofeetf
area *nd 7- to ll-y*»rolH children from theDrabwt
area. The most detailed mvtiti|atioa, taktaf into
account a number of mH^fMndcnt variables at tfcown
»n Table 8, was catiied out for die Stalberg group.

iadicnr* thut th« foOowinf /ariibsti ateThe
Wghly jijnifkant predictors of PbB: father employed
a the V»d sm*U*r friwHgn family, and lead fllkmt
Vound the child's dwelling place. TaJdag into ac-

count the interaction variables additionally, lead fall-
out accounts for about 8% of the variance of log PbB
ia this group of children. In total, 32.5% of the var-
iance of log PbB can be explained by the variables in-
dicated in Table 8. At shown in Table 9 children of
toad worker families have significantly higher PbB
levth than children of parents not employed ia the
lead industry. The same applies to CdB, PbU. and
CdU.
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Table *. Lev-11 of leai and cadmium in blooc and unae of children from lead worker
<rol j«f§ wea

iof ctmdre:i

>nd other fuuiUet

Age
<jvm)

t 5

«-o

Panuceier Lead worker fawilia* Oriierbuulie* ^°"
n

rbB Oi^dl) 9
CdB (|igrl) 9
WUfprtaewimne! S
dltl t'|ig/g ereannaiei S
Pbnc^di) 4

GM
18.4
0.25

30.0
0.34
7.8

CSO
1.3
1.4
1.1
2.6
1.2

n

w
195
97
97

102

CM
10.4
3:W
9.9
0.13
7.3

GSD
1.4
1.A
2.3
2.2
1.4

<7~
!*•

<a
4.01
l.>.

* Not significant

Table 10. Effaet oi various aopAi. itrmographM aad savireDowiiul viinaBlM on the vanaoeeof log PbB in 7- to 11-year-o'tf cbii*
(n - 401) from Ouisburg
V«fH*blf

Sado-eoenoaue *tnn» (SES)*

Lead in lapIOl^

Pcicentage
of variance

2.4
1.3

16.1
0.1

f

0.002
0.022

< 0.001
n.i.'

C£fectonPb3

PbB in boyi > PbB in {ir*«
PbB t in children from -low" SES fuaiiex
PbB T :n cbildren living in anae m* high leau tM-o

bltttaMMI tonne
Leadtall-oui

• Svt < 0.1
• SES 1.3
. Cwwrapuuu uf h«c«gro«T, ve|eat>Jo. 1.6

Soil lead
» CoaauapBOB of boraatrewn vegeaDlM < 0.1

n,$.
0.012
0.005

Tool 23.9
'Low SES: pnmary tduol and oroiaaeioaal irawmc. ~h>|b* $SS; b«h whool.* Defined by pareeu edaeanoeal level.

vrhnol or uiuvvmty degree
' Ralatuif to tht uait ana where me child'* readtnec plaea ia loeated
' .Since lead a icp soil maioly m»ii« iro« lead bli out in thii MM own ta a Mroef eoRe between tteae two variable*. Intr

ia top Mil into the mpenton asodel btfort lead fall-out jhowj dut lead in top toil txpiaiu 11.3% of the variant
loj PbB (P < 0 OOlt. a thia modal lad AU-oui addittoiully aeenunu for 5.1X ol the vuuoet o< luyPbB (^ < O.OOi)

A dnflar regression analysis wu carried one for
the Diushurg children. The results pnwMted in Table
10 show that lead fallout explains 16.1% of the var-
iance of log PbB. Sex. sotio-ecnmmic ttarac and
some bueractioa variable* related to lead fallout
rfpnaent further tJanifieaiR predfcton ol log PbB.
Nona of these factors was found to be a significant
prtdtaorofiogCdB.

The present study provides data on the tad and cad*
auttffl concentrations m vcrnnw blood, abed mflk
teeth and urine of mora than 4000 children living in
different areas of North-West Germany. Sampling of

the biological ipmnrm was performed betwec
June 1982 and Sepwnber U86. A careful qualif
coatrol wu carried out throughout the stodie* md i
ihmid twpwsfble, -herejore, to compare the result
with data from similar studies in which snalynci
quality vuoool has been ensured.

In rural, Mburbaa and urban areas without isd*
trial toad eiKasloni the mean PbB levels were few
to be in the nnge of 5.5 and 7ng/dl. The Mth pereea
dlea «ra between 11 and Uu|/dL CUkbea lividf i>
oitan/indurtrlal areas have, on average, ajgnifictri:
bigbei PbB levels than children living in rural ««•*
The difference is in the order of OJ to 1.0}ig/4
Since the etr lead levels do not differ very nract
among the rural, suburban and urban study areas
the differences to blood teed oust be related K
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.-other factor, h seems likely that the higher PbB
i«vels tuttnd in urban children r«vilr« frcim * higher
oral 1:34 uptake due to mjmuim of lead containing
dust- A* shown in Table 1.l«*d fall-out in the urban
»cas is substantially higher than in the curil and sub-
ufD8n aieas (Sorteen. Oiilmvn). In all th« tnrvfty* the
rfatribution of FbB levels was significantly below die
jtiereuce values of th« CEC Jirective on thft hiningj.
cal screenir; of the population (or lead (CEC 1977)
ana iiiw below the more stringent guideline valiw*
med by tbe Dutch Ministry of Public Health for the
evaluation of blood lead surveys in child population*
(Brunekresf et al. 1983).

TUe highest PbB levels w,«r« recorded in child/in
living in risk areas (Dufaburj, Stolberg), particularly
in ihu*e living near the Stolberj lead unelier. It
seems that, in the lacier area, there has been a ura-
sUciable decrease of children's PbB tev«U in die
period from 1982 to 1986. Our findings indicate that,
even io these highly polluted area*, only » smell
number of children have Pb3 levels over 20 ug/dl at
present. Similar result* were obtained in the NoroVn-
ham area, wdere during an examination of 122 chil-
Ui«u in 1962. a mean PnB of 8.2ug.'dl was found*
with individual PbB levels ranging up to 23.8)4/4
(Wiiuieke «t al. 1985). Children moet at rick are chil-
dren of lead worker families and children living very
IJWM io the kadworka.

la comparison with the results of the CEC Mood
lead campaigns, which were earned out in 1979 and
1981. the PbB levels found in this study are signifi-
cantly lower. In Utc first campaign in (1979) which
included PbB determinations in 2301 children from
dlffcient *ie*» of West-Germany, a median el 11 rt
Pb/dl was obtained. The median value found in the
second vaiupajgu '" 1981- which involved £097 Ail
dree, was 10 ug Pb/dl (Wagner and Krause 1984).
We fuiuuU uicUiou PUB level* of about 6 pg/dl IB chil-
dren from rural and suburban areas and median PbB
level-, of 6 lu 8ug/01 in duldren from urbeo end
industrial areas. Since in 1979 and 19S1 the children
"etc selected from sdmihu atca*. our result* iodiealc
that a further substantial decrease of PbB ha* oocur-
»ed iu Oarman chtlUren aiisvc 1981. The reduction
tppcan to be in the order of 30 to 40%.

Our conclusion Is conriimut wiiU other fladinfi.
which indicate that during the last few yean t further
*>|uiOcant decrease in PbB lev«u lu» occurred is th«
general population of West Germany and some other
eouuuits (Claeys-Tnoreau et al. 1933.1987; ruche-
dck et al. 1983; Anne* et al. 1985; Qunn 19«3; Elm-
«« et al. 1986; Elwood and Tuwhiil 1966. luglenet
" 1986; Hinton et al. 1986; Huel et al. 1996; Myilak
•nd Bolt 1987). It Is assumed Urn Uw Ucuease of
blood lead observed in these countries largely results
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from the reduction of lead added to petrol. Accord-
ing to the West German Petrol Lead Law (last
amendment 197S), the maximum permissible lead
content of motor vehicle fuels was set at 0.15 j/1 in
1976. As a consequence there has been a significant
decrease of air lead level; in urban areas to about
0.3ug/m3 (annual means) (Buck ec ai. 1982. MAGS
1985: MURL1936). In addition, tbe decrease of PbB
levels seems to reflect a significant reduction of diet-
ary lead intake. In fact, market basket surveys over
several years, as well as analyses of the lead content
of <p«cincd dietary products such as bread, show a
decrease of the avenge l«ad intake through food and
hftverage* during the last few yean (Ernahrungs-
bericht 1964)

TV mean PbB values obtained in our studies are
similar to those now found in other areas of West
(Vrmany (Hr.glcrt et al. 1986; Myslak and Bolt
1987). They appear to be somewhat lower than those
foiwrf in children from some other areas of Europe at
present. For example, the results of the UK blood
lead titrvfty* in 1984 show median PbB levels of
urban children varying between 9 and ll^g/dl
(Quinu and IVIw* 14R5).

The finding that boys have higher PbB levels than
girU corrMpondt *n The well known fact that adult
males have higher PbB levels than females (Brock-
haua et al. 1983: Eliader » al. 1 WO). Although some
studies have failed to show such a sex-related differ-
ence in children, them »n> Mveral reports indicating
that this difference already exists in children (RoeU
et al 1980). Surprisingly tay* rended to have lower
PbT levels than girls (Table 6). The reason for this
difference is unknown.

Our results demonstrate that the PbB levels of
children living in poilutatl areas are influftncmi hy a
number of demographic, social and environmental
variables. Children from lead worker nunili>«. tow
SES families, and foreign families tend to have
higher PbB levels than otherwjta comparable chil-
dren. Moreover, sex, lead fallout around the chad's
dwelling, aad some combined variable* including
lead fallout, ore! behaviour, and consumption of
hoBne-giown food repfoeettt eig&iDcstnt ptcdicton of
PbB. In the Stolberg group, these variables explain
about 32% of the variaoM of log PbB (Table 8). In
the Duisburg group, which cooaitted of German chil-
dren only, about 23% ci the vtnaaee of tog PbB could
be explained by these factors with lead in dust fall-
out being the men prominent factor. Unfortunately,
no data on lead in the home environment, e.g*. lead in
house dust, were available. It has been shown, how-
ever, that the lead levels in the home environment
largely correlate with outdoor lead levels, i.e. Uad ia
soil and street dust (Rabuowia et ai. 1985). The
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e of lead -n duit and sc:l as a source of lead
exposure for young children sas been demonstrated
in a nunoer of studies (Roels et ai. 1930: Brunekreti
et al. 1983; Duggan, 1983; Bornschem et al. 1985).
The finding that children from lead worker families
and low SES families have higher PbB levels thin
otherwise comparable children is also consistent with
findings from previous studies (Zielhuis et al.
Morion er al. 1982).

The mean lead concentrations io shed milk
found m the present study vary between 2 and 5 jigvg.
On average, the lead concentration in teeth i* atanr
30 times higher than in blood. This relationship
clearly demonstrates the accumulation of lead in
teeth. Children living ic urban and lead polluted
areas tave significantly higher PbT level* rh»n chil-
dren from rural areas. The relative differences are
more pronounced than the differences of PhR Sum
PbT reflects the degree of lead exposure integrated
over the greater part of a child's lifespan, th« larger
relative differences indicate the continuously higher
degree of environmental lead expmttr* found in
urban areas and in areas around lead and tine smel-
ters. In two previous studies we determine the PbT
levels of children from Duisburg, Stolberg, and
Gummersoacb. a rural area ahniu 501cm east of
Koln. The geometric means of PbT were 4.6,6.0 and
3.9 w/«, respectively (Ewersetal. 1Q79.1983). Com-
pared to these data the PbT level* found in the pre-
sent study an significantly inw*r cupjettsne; thai,
similar to blood k *d. there has been a decreasing
trend of tooth lead coocentniriont over the latt few
years. The PbT levels round in our studies are also
lower than those obtained in * mrent «udy conducted
in three areu of London (PococketaL 1967). la (Us
study a geometric mean n( * tfpg/g WM found for
lower iocbon (n • 1061) and 5.01uy/| for upper in-
cisor teeth (/I" 829). Tn «wr wudiet no differentiation
was made between upper and lower incisors.

The blood cadmium concentration! measured
were on avenge in the range of 0.2 ug/t, with a 95th
percenole of ahm'f n 4ug/l. There were no detect-
able differences between children from rural and
urban/icdustrial arms. Higher mean values were
found, however, in children living in the dose vicinity
of the Stolberg tead waiter and m ohiidrw from load
worker familiea. The data are comparable to the re-
sults obtained far childfM from Northern Garmeay
(JMMB et al. 1984). SchaJter et al. (1984) reported
substantially bight* median values for efaildren firing
in different areas of Bavana. The levels of cadmium
in urine found in our itudiet are Ukewio* very low
mdkabng an upper normal value (95th percentUe) of
about 0.5-1.fl(ij/g czraanuM. Ko difference* were
found between groups of children from various areas.

et ai

The mean CdB ard CcU levels m c^lar;-
sijmf r»ntiy lower than the oncj we fo^ud ;^ n^
smoking adults (Brockhaus et al 1933; Ewers e, .
I98«».b). The increase of CdB and CdU with a,I
seems to reflect the age-dependent increase of (k!
radmiutn body burden (Hahn e: al. 19S7) and hat
also been observed in several other studies (
*t al. 1983; Kowal and Zirk^j 1983,
1983).

Whvreas the mean CdB levels do un differ be.
rween girts and boys, girls were found to have a sj*.
niCcantly higher cadmium excretion il:au boys. Thit
finding is consistent with previous reports, which in.
disauid that women excrete more caduuum than ntrt
(Kowal and Zirkes 1983). Non-smoking females wen
also found to have higher CdO vajim Uj«tn non-smok-
ing males (Hinder et al. 1983; Watanabe et al. 1983).
It has been speculated thai female*, as a result of
their lower iron reserves, have a higher absorption
me of cadmium from food and iu*i this might be the
reason for their higher cadmium levels in blood and
urine (Flaaagan ct al. 1978; ElwJer et al. 1943). Our
result* show that evea in childhood there is a tenden-
cy towards hifhcr CdU levels iu girls when compared
to boys, but no differences were found regarding
CdB. The reason for the higher cadmium excretion in
girls b not known. It can be expected that, in this age
group, the iron merve* Uu uut differ in boys and
gills.
•4e**OM>Mfi»ima. The author* wish » than! the pnyuatm
and the technical staff erf the PubHe Health Department* of
Boritea ana DOlara (KreMfeandheiiumt Cotafeld). Bmnp.
Dortmund. Duistairf, E*tca. G«beiuurcben. Ooeft (Knit-
SMimdhm«em KUve). Itenic, NutUenhao aad SteAttf
(ICnissesundheoanR Aaehea) for tic exaalleni uoupuirioo
in the telectioo of eUUrea and in th« nnjwihaiioti of bleed.
urine, tod tooth umpttng. Without their help and ame. *«
nuAes would not haw* bees powble. Moneowr, the help of
Mn. Si. Fersjer. who ctmed out tte cnnuinlne anenrinaikms
in urine and rypad the ouuuiscript. and the cooperation of
Mn. A v»n de* B«ce« aad Mr».C.S»i» !• (raMfclly •ckaow-
ledted. Lad hut not tout the eoooeratiaa of the children and
their parents is Idadly scfcncwledajtd.

AMMM JL. Krfcta JL, M*Kuc D, NCM JW, Baytc DO.
MO (19O) Chraejolajlcil mod in Mood lead kvdt be-
twetst 197« aad 1910. New Rngl ' MH 304: un.tTTT

BroeUwu A, VMer I. Bwws U. Jeroaan B. Dolgner R
(1911) Lavek of eadMw aad lead » blood it wtattai »
MMikiag, sas, occtpenoa. and other factors in an adult
populaaon of ifee FRO. lot Arcs, Oeenp Envttoa Heakb

Bnndnef I. Hoy D. Kermkir K. Boot) I (19S3) Blood
toad l«v*b of DUB* ehy shildnst aad mdr raiancnsHP »
bed in the ttviroaWM. J Air FejO Cbmr AMOC 33 :«7J-



KUJ.S c-. ii E»?osjfd TO .cau ind caaniu.T. si :hi:drtn m Senh-West Gennanv

, j 3. v«etuir» SJ. B.erstekcr K.. Bo.esj JS (19811 Tfce
" " 'u?"i Study !. Irml uptake bv 1- to 3-vear-otduIjttrea lining in Ul< visinuy of a secondary lead smci'xr ;n

^e Netherlands. Environ Ret 25 :44t-+3
H. tiwnntnn K, (1982) Die eccwickluaf der

ir. den Umen 15 Jnhren in ckr RlMlv
pin. LandeMiwwli fttr Irr.mbiioonebutz oVi

n. Esscn.US-BerichiNr.lS
_J?7tf77) Couaeil Dirtctive of 29 March 19T» o« biological

Taosning of the population for lead ( W312/EEC). CUEC
U05 of 2«. 4-1977

/iMVS-TnorcaU F. Biu»u» t, OucoOrc C. Lafonwinc A
,190) Expa>un to kid of the Belgian popelafiot. Int
J^A Oecvp *«»-«» Health 53: 109-117

OpM-Thoetu F, Thiesttn L. Bnaui P. Ducotfn O. Ver-
£»n c (1987) Assessment and comparison of human «•
pure to lc*d between Belpura, Mitt. Mexico ana »*e-
«•. tot Arch Occup Environ Hntlh 59 :31-41

neuacke Oeselheheft <Ur Jstnihruni (i9fl-l) Bmehruiieib*-
d* 1964 Prankfuf i/M

t VU (1983) Contneutioe of iMd in duM to enfldwe's
Moed lead. F.nvirot Hetteh Penpeet 50:371-381

J, Rosnwniih R. Pnnus F. Thocra* F (1974) Ott
Mi Klndcrn in einem LUIIUUUUIWIWU lu-

61:39-10
CC. Fribrrg L. I. mil R !«w*ii1 VI (19A3) Lead Md

-affar"" levels in blood sanplt* from the gMMftl popul*>
BM of Sweden . Environ R*t 30 : 233-233

EUsdes CO- Frfbtrji L. LinJ B. Nibaon B, Svir»n|ren M.
Onrostrk I (1K6) DtcnaMd blood lead level* ia roi>
iteuu o£ Stockholm (or Uw pvriod 1VIW 1M4. S«en« J
Work Efl^iron Health 12: 112-:2Q

Fhwiod P. Toothill C (1986) Farther evid*nc« of i fall in Mood
Kttf levels in Wales. J Epidemiol Commun Hcaltt «0:
178-180

Eaiien N. IUIUM Ca. Ihroo HL. wacner M (iMo) Umw-
zur Bleibduiun; ajjgewihltcr BevoJkeruajs-

39 : B2-326
Ew«n U, Brackhau* A. Ctneer E. lid H. Schilmum tA

(1979) Uottnuchunttn iiber den Zahaoleifiaili van
Scbulkindcra »u» xwci unienchieolleb belatuiM Gebietea
in NordwcndcucKhland. Int Arefc Oceup En^ron HeeJih
44:6J-H

Ew«n U: Brockhtus A. Winnelu C. Freter I. Jcraura E.
Krimer 1 1 (14)0.) F «ri in deciduOttS teeth of ddldm livhlf
in t non-ferroui tmelter ;r«a and i ran) vca of ihe FRO.
Int Aicb Occup Ettviron Healtn JO : 139-131

Ewen U. Oolgnei R. Btockoiui A. t-rewr I. jentMO E.
Kilaer W. Doffliica K. Braua R. (1984} Uotenaebuaaem
tor 81ci-Cadmiumbcl*nun( voa Kinder* un4 J«fMeV
lidwn in einem jchwtrmei»Ub»l*«e«a Oebkt (Stolb»n).
Off Oesuadh W« 46 : 231-236

E»«n U, Brockbiin A, Dol|ner R. breter I, JtnuM E. B«f-
urd A. SdUwViakler R. Haha R. MnojIoviG N (1919)
Bminaraeaial exoonn to cadBkun ud next tuaalum at
elderly women hrinf m rulnhiin pulluiiU ami of tfM
RoVnl Republic of Om»«y Tnt Arch (Venn Rnvfami
HtaJtk 55: 217-239

E««n U, Broekhauj A. DolfiMr R, Fniw 1. /tana E
fbhn R, Sehtipkocer HW, Bernard A (19t«) Caojniaa-
beUMinf und Nicrenfunktioe«tflnjn|en bti Bewoham
van Cebieten mit hokex CadmJam-tmtnfiiinnehnliinini ia
der BandevspiibUk DeunehUnd. Snub Refnfaab Luft45.
5«V-566

Fl«iodk* R. Hall G. ScbaUer KH. V.l.mm H. W«We O
(1983) EncbmMe der biologucnea Obemenunc •" •••

{ .m Frc;«iui Ba««rn au: «;re Cefahraunj cjrrii
Bl«i. Arhe umed Sczialmed Privetmvmea li.29-io

Pinagaa PR. McU.lir JS. Hiiii J. Qicnir. CM. Chamber-
Itin VU. Valberg LS (1978) tncreaxd dietary odnuu.-a ab-
Mirpiiuu in iiiii.e mil Iiunit4i lubjects with icon

H»hn R. F'Aieni I-", Jsrraann E. Freierl. BroeknuusA. Schlip-
kotcr HW (1987) Cadmium in kidney cortex of inhabitants
of Nona- West Germany: its relationship to age, sex.
moting and environmental pollution r>y cadmium tnt
Arch Oceup Environ Heaith 59 : 165-176

Huiiort O, Coope PA. Malerut WA. Janoi ED (19M) T«alt
in Wood tad levels ia Chrmehureh (NZ) and environs
1978-85. J EpidenMl Commra Health 40 : 244-248

Huei G, Bouocne C Jouan M. UarP (1986) Asscnment of
exposure iu lead of the general population in the French
CQBUnunlty through bioUifteal mumiu[iu«. Int Aiwli Occup
Envimn Health <K : 131-139

IMMB H. JCniw K. »i«rf«MA*«ki I (1«U) Cadauumkoit'
mtnuonen in Slut von Sadt- und Insefeewohnern in
Schk»wi|-Hoi»tein. lot Arcfc Occup Environ Health 54:
45-54

Kowai EN. Zirket M (1983) Urinary cadmiua and fl~micro-
jtoculirr noimtl valuu tod eeaeentnaoo odjo»*m«ot. J
Tojoeoi Environ Haittn 11 :607-624

MACS (oMinratenun tut Arboit. Oetandheit und Sozlale*
der Landes NW) (1975) Uraweltprotlena dutch Schwer-
metalle im Raurn Stolberf . Dusseldarf

MAOS (1977) UfbeinluKeplan Runr|es*ei Wew 197J-I982.
Duoeldotf

MACS C97t) LuftKtaheUepteB Ruhraveii-i O.r nrrq-HWl
Daiseldorf

MAGS (1983) Ufflweitpnblemc dun* Sdi*erme:ille im
Rauoi Stoiberf 1963. Dosseldorf

MAGS (1985) Luftreinhiltcplan Ruhritbiei Wen. l.Fort-
idiraibuu« 1984-1988. Diurtdorf

MURL (1986) UhKiafcaltspian Ruhrfebiet Ost. l.Fort-
tthnMhimj 14MW1940. OOtteldOrf

Morion DE. Saah AJ. SUberg STI. OWMS WI. Roberts MA,
Sun MO (1982) Lead absorption in children of employee*
in a bid-related industry. Am J fcpidecaioi US: 549-333

MysUk ZW. Bolt HM (1987) Okoiofjscbe BlaibelMunf vnd
.•omule* 8lw Uei«e«e der Boveiketuag: deneidger
Saduund. ZW Arocioroed 37:2-8

Pocock SJ. Ashay O. Smith MA (1S87) Lead exposure and
children's inulktctusj performance, tnt J Epidemiol 16:
57-67

Qtdnn Ml. Detvw HT (1H3) UK UouU InU iirtnuorinj pro-
gramme: results for 1984. In: I» Coal Heavy Meals hi the
Eiwhoaarat, Aibrm V>pt«mh«r 1485. Vol 1. pp 306-
309. CEP Coosaitanti Eokbucin

Quiao MJ (19B5) Facnn arTactinf blood lead concentrations
in the UK: results of the EEC blood toad surveys
1981. Int I Epidemiol 14:430-431

fUUuowia M. Uv*toti A, Nnodlnaee H. Oellla«er D,
oaux Co (1915) Eavironmacuil oomlaaM of infant Mood
lead kvcls in Boston. Envlree Res 38:96-W7

lUderuachef L. Pito B. Rudolph H (19M) Bench! Ubsc die
ErfrbaisM der Im Landa Nstdrtwin-Wesdalea in der Z«it
voa januar m December 1M3 dorcnfttohnea Snub- uuu
ScawcnnetaUnkKlanchlapraeasunien. Sctrtftenrcinc der

ah Mr In eekuet •» Undn NW W.

Roate HA. Buchet 7. Lau**ry* RR. iruaux P. Ctaeys-
Thoreau F. Utontalae A. Verduyn O (1980) Eiposurs to
hud by the oral and dM puboowry routes of eUldm living



22
io the vicmitv of i primary lead smaller Environ Ret 32:
81-44Rosnunith J, Einbcodt HJ Gordon T (19750 Beaehungcn
muchM B!*i- vnA ZitucaicdersdillaM uad den Scbvtr-
meaUithaken (Pb. Zo. Cd) im Blut. Una uad in ien
Hum bei Kindem. Zbt Bakt Hyj I. AM Orig B 161:
126-136RotnoDkh J. Sdnoder A. EiobiodtH). Eton W<U73b) Un-
«mwtu.u|M *n Kiodam *u* •iatm mk Btet and Zink b«-
' Mottlnduiaicgibiet. UapeHhygicM 36-.266-171

r KH. Schoetder L. Hill O, VHtatin H (198*) C*d-
hih in VoUMut bei Bevotamn veneBMnet

dM pKouutes Btyen. 2M Bakt Hyg I.Abt
On|B V/»:4*i-463Stoepptar M. Btuufc K, Run TC (1978) ftaptt acthod for
the auttmMtf dttnminMiM o< lend In who)* Mood by

AMlW 103-.714.732Thron HL. BieK«i| Q (19M) tnaere uaa lulmc BUibcl»-
icooc bei Scb«Mi|entt und Ncuttbamaeo in 4»r Ret>on
NOMUtuut. Sciit-Bciko V««a W*BoU «: 231-232

> lead aad -t-V""" of ehndrsti in North-W«i Gemus^

HM, Ki*c»e C (198*) Ergeftiuue der
. ta:

FOrterun* «r
e.V. (HfH) Lofweruiireimiwii - Widtunt utf

- » k » » » ' « . P * -̂«- t;«»»l«.

, Havnudt C. burner I!. i
HM (19851 Comptrmittw

2 k f t . P. »«er MM.

JJl-M?

RJCMV^ July 6 / Acoepwd December 13. 1987


